We examined the feasibility of using seismic reflections to image the upper 10 m of the earth's subsurface quickly and effectively by attaching geophones to a wooden board at 5-cm intervals. The shallow-seismic-reflection information obtained was equivalent to control-test data gathered using classic, single-geophone plants with identical 5-cm intervals. The results were surprising: We found little intergeophone interference in response to our use of a high-resolution, .22-caliber-rifle seismic source at offsets of a few meters. Furthermore, we noted very little difference between the 60-ms intra-alluvial reflection obtained from the standard geophone plants and the reflection obtained from the board-mounted geophones. Amplitude spectra were nearly identical for geophone data collected with and without the board. The results suggest that deploying large numbers of closely spaced geophones simultaneously-perhaps even automaticallymay be possible. Should this method of planting geophones prove practical after further testing, the cost effectiveness of very shallow seismic-reflection methods might be improved. The "board" technique also may be useful at greater depths and in broader applications, e . g . , petroleum exploration, in which geophones are sometimes bunched together tightly.
Introduction
Seismic-reflection methods can be useful when analyzing very-near-surface geology at some locations. However, the expense of shallow subsurface seismic imaging may be prohibitive when shotpoint and geophone intervals of only a few centimeters are required to maintain the coherency and distinctness of recorded shallow reflections. Hence, in an effort to develop a fast and cost-effective method of deploying large numbers of closely spaced geophones for use in seismic-reflection imaging, we conducted experiments in which 12 geophones were attached firmly to a wooden board at 5-cm intervals ( Figure 1a ). The geophones did not interfere with each other extensively, and the presence of the board did not substantially distort useful seismic signals. As a result, we were able to obtain shallow-seismic reflections that were comparable to control-test data gathered using classic, single geophones planted at identical 5-cm intervals.
(a) (b) Figure 1 . Photos of (a) 12 geophones mounted o n a 66.7-cm-long board, and (b) the board-mounted geophones, pictured near the center of the left-hand geophone line, when deployed at the test site.
Our experiments were designed to determine whether numerous geophones could be deployed rapidly, at the same time, while maintaining good coupling to the ground and ensuring negligible interference between geophones. We collected experimental data at two sites near Lawrence, Kansas. Because the experiments undertaken at the second location were more comprehensive than those at the first, we include here data gathered from the second site only; however, we found the results from the two sites to be comparable. A .22-caliber rifle and a 30.06 rifle were used as energy sources. Because results from the two sources were similar, we present only the .22-caliber-rifle data here. Source-to-Receiver Offset (m) Figure 2 . Pseudo-walkaway field file for the .22-rifle source, without board-mounted geophones, displayed with a 25-ms AGC window and a band-pass filter from 300-400 Hz with 12 dB/octave slopes. The receiver interval is 5 cm. The prominent reflection at 60 ms is from a clay-sand interface at a depth of ~ 9 m. Source-to-Receiver Offset (m) Time (ms) Figure 3 . Pseudo-walkaway field file for the .22-rifle source, with board-mounted geophones, displayed with a 25-ms AGC window and a band-pass filter from 300-400 Hz with 12 dB/octave slopes. The traces produced by the board-mounted geophones are denoted by brackets at the bottom of the figure. Note that the static shifts at these locations are a function of the shorter (8 cm) spikes used with the board-mounted geophones.
Field Methods
We collected data in the alluvial valley of the Kansas River near Lawrence, Kansas. The valley floor is composed of 20 m of clay and gravel alluvium overlying alternating beds of Pennsylvanian limestones and shales, typically only a few meters thick. Previous borehole checkshot experiments conducted at this site showed the two-way traveltime for a reflection from bedrock to be 82 ms; intra-alluvial reflections have also been detected at this location (Steeples and Knapp, 1982) .
We placed two parallel lines 20 cm apart, each consisting of 48 geophones (Figure 1b) . To ascertain what effects, if any, the board might have on the geophone plants and on the recorded data, we used the line of geophones without the board as an experimental control. On both lines, Mark Products L-40A, 100-Hz geophones were positioned at intervals of 5 cm and equipped with spikes 12.5 cm long, except on the board itself, where 8 cm spikes were used. The method of attaching the 12 geophones to the board follows.
A board of solid birch 5.5 cm wide, 2.0 cm thick, and 66.7 cm long was used, with 12 geophones attached t o it at intervals of 5 cm. The line of geophones was aligned parallel to the grain of the wood. First, the geophones were screwed into 9.5-mm (3/8-in)
NF-threaded nuts welded to the heads of 9.5-mm NFthreaded bolts 4 cm long. Next, the bolts were inserted downward into the board through 10 mm drillholes and fastened with 9.5-mm NF threaded nuts. Geophone spikes 8 cm long were then screwed onto the ends of the bolts.
The first experiment with the board-mounted geophones underscored the difficulty of pushing 12, 12.5-cm-long geophone spikes simultaneously into firm ground. Therefore, in the second experiment, we used spikes only 8 cm long. Overall deployment became much easier during the second test, and the effect of the board itself remained negligible. However, we noticed that the shorter spikes produced receiver statics of about +0.5 ms.
Experimental Data
Walk-away noise tests were performed on each geophone line. The geophone configuration remained fixed as the source was moved away, in 2.4-m increments, from one end of each line. To remove source variation from the data comparisons, data were recorded simultaneously o n both lines. The source used in Figs. 2 and 3 was a commercially available, single-shot, .22-caliber rifle with the tip of the barrel placed about 10 cm below the surface of the ground. On the closest offsets, subsonic .22-caliber short ammunition was used to avoid clipping data. At offsets of 3 m or more, supersonic .22-caliber long-rifle ammunition was used to increase the S/N ratio.
A prominent intra-alluvial reflection is visible at 60 ms (Figure 2) for the band-pass-filtered data recorded on the line without the board. This reflection i s from a clay-sand interface at a depth of ~ 9 m; i. e., 1 m below the water table. Data recorded using the board-mounted geophones can be seen in Figure 3 , i n which we used the same band-pass filter as in Figure 2 . A slight phase variation can be seen in the arrivals at the geophones attached to the board, which is consistent with the static delay associated with the shorter spikes used on these geophones.
To provide a more detailed 1:1 comparison of the data, we plotted only the 12 traces obtained from the boardmounted geophones and the comparable 12 traces obtained from standard geophone plants. Figure 4 shows the data comparison for the .22-rifle source with shot-togeophone offsets of 6.65 m to 7.25 m, with four different band-pass filters.
The fundamental question i s whether the reflection data are comparable. Specifically, the reflection noted at ~ 60 ms is essentially identical for the two data sets, regardless of the filter passband used. Some minor differences in ground roll are evident, particularly with the higher frequency passbands. However, we did not examine the differences in ground roll closely, as they were not a primary concern at this point in our research. Variations in geophone deployment can affect frequency responses as well as data amplitude. Figure 5 presents amplitude spectra, with and without the board, for the 1 2 comparable traces of data used in Figure 4 . Note that frequency variations in the data are negligible for the board-mounted geophones when compared to the standard-plant geophones.
C o n c l u s i o n s
Conventional wisdom-or myth-might predict that the board-mounted geophones used in these experiments would interfere with each other as a result of their firm connection to the board. However, this was not generally the case; in fact, the wave modes identified within the board were expected to be much more pronounced than they proved to be.
The ramifications of these results may be significant t o those interested in performing shallow-reflection surveys in which very small geophone intervals are needed. For example, an apparatus might be devised that could deploy large numbers of geophones very quickly, and if geophones were affixed permanently to a board or other rigid medium, then electrical wiring also could be attached permanently. Instead of connecting each geophone to a master cable equipped with standard takeouts, geophones outfitted with individual pairs of wires could be attached several at a time to a master cable. A small all-terrain vehicle equipped with hydraulically controlled geophone "planters" might even be envisioned. On such a vehicle, geophones would be wired permanently to a cable connected to an onboard seismograph. This would result in a significant decrease in the time required t o deploy receivers, thus greatly increasing the efficiency of shallow-seismic surveying.
Note that these results may not be applicable to all sites or situations, as larger energy sources might induce interference between geophones and could produce undesirable modes of motion within the rigid medium.
